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SUMMARY 


v 

Work  performed  under  this  modification  was  designed  to 
establish  techniques  for  selecting  diode  material,  process 
fabrication  and  testing  methods  for  GaAlAs  fiber  coupled  diodes. 
The  work  involved  building  100  diodes  capable  of  meeting  or 
exceeding  the  specifications#!^  Tabl£.  1 .  Forty  of  the  diodes 
would  be  passivated  with  Al^O1^  and  an  additional  forty  lasers 
would  have  index  matching  jel  applied  to  the  front  facet.  The 
remaining  twenty  devices  would  be  left  uncoated  and  used  as 

controls . 
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Material  Structure 


Several  seven  layer  LOC  structure  wafers  were  grown  using 
the  in-house  liquid  phase  epitaxial  reactors.  Substrate  material 
selected  was  low  disclocation  density  single  crystal  GaAs  grown 
at  LDL  by  the  horizontal  gradient  freeze  technique. 

Substrate  material  of  (100)  orientation  was  lapped  and 
polished,  and  cleaved  to  size  for  the  graphite  boat  used  for  the 
epitaxial  growth.  A  seven  layer  structure  was  grown  on  the 
substrate : 


Layer 

1: 

GaAs  Buffer 

Layer 

2: 

Ga^_wAlwAs  N-Barrier 

Layer 

3: 

Ga^_xAlxAS  N-Optical  Cavity 

Layer 

4  : 

Ga^_yAlyAs  P-Active  (Y  for  8355 

Layer 

5: 

Ga1_zAlzAs  P-Barrier 

Layer 

6  : 

GaAs  P-Cap 

Layer 

7: 

GaAs  N-Isolation 

Z>W>X>Y 

Grown  wafers  were  cleaved  and  layer  thicknesses  measured 
before  any  processing  was  attempted.  Wafers  deemed  to  have  the 
proper  layer  thicknesses  were  then  subjected  to  the  processing 
required  to  generate  the  diodes. 

Diode  Fabrication 

Selected  wafers  were  first  sent  to  photolithography.  Here 
the  material  was  cleaned  and,  using  photo  resist  techniques 
developed  for  CW  lasers,  stripes  3  mils  wide  applied  to  the 
surface.  The  material  was  etched  in  order  that  the  3  mil  stripe 
extended  through  the  isolation  layer  and  into  the  cap  layer. 

This  opened  a  3  mil  contact  area  in  the  wafer. 


After  the  stripes  were  etched  into  the  wafer,  it  was  stripped 
of  photo  resist  and  waxed  to  a  lapping  fixture.  The  substr  ate 
was  lapped  to  a  final  thickness  between  3-4  mils.  After  lapping 
ohmic  contacts  were  applied  to  both  N  and  P  sides.  The  stripe 
windows  allowed  ohmic  contact  only  in  the  area  defined  by  the 
stripe . 

The  wafer  was  next  cleaved  into  ~  10  mil  bars.  Cleaving  is 
perpendicular  to  the  direction  of  the  stripes.  Cleaved  bars 
were  loaded  in  an  evaporation  fixture  and  a  reflecting  mirror 
was  evaporated  on  to  one  side  of  the  facet.  The  mirror  allows 
all  the  light  to  be  emitted  from  the  front  facet  and  eliminates 
rear  facet  light  from  being  reflected  by  the  back  of  the  package. 

Individual  pellets  were  formed  by  waxing  the  cleaved  bars 
on  a  cutting  fixture  and  cutting  the  bars  into  pellets  by  cutting 
between  the  stripes.  The  final  die  configuration  is  3-4  mils 
high,  10  mils  deep  and  ~  11  mils  wide  with  the  stripe  in  the 
center  of  the  pellet. 

Ten  to  twenty  lasers  were  fabricated  from  each  wafer  for 
evaluation.  The  lasers  were  mounted  on  TO-18  packages  and  tested 
at  both  room  temperature  and  at  55°C.  Ifch  PQ  and  wavelength 
were  measured  to  insure  the  wafer  would  meet  the  requirements  of 
Table  1.  Far  field  patterns  were  checked  and  the  stripe 
dimension  was  measured. 

The  best  wafer  meeting  all  of  the  requirements  of  Table  1 
was  selected  and  the  entire  wafer  was  processed  into  pellet  using 
the  above  processing  techniques.  Sufficient  diodes  were  built 
to  insure  100  pieces  for  the  program.  One  hundred  diodes  were 
selected  and  screened  to  insure  they  met  all  of  the  requirements 


in  Table  1. 


Tested  diodes  were  optically  examined  to  insure  there  was 
no  facet  damage  introduced  during  screening  and  testing.  Twenty 
diodes  were  capped  and  numbered  1-20.  These  diodes  would  serve 
as  the  control  lot.  Forty  diodes  were  loaded  in  an  evaporation 
fixture  and  a  1/2  X  coating  of  A^O^  coating  was  applied  to  the 
facet.  The  devices  were  retested  to  insure  no  damage  was  into- 
duced  during  the  evaporation  process.  They  were  again  subjected 
to  optical  inspection  and  then  capped.  These  devices  were 
numbered  21-60. 

The  forty  remaining  devices  had  index  matching  jel  applied 
to  the  facet.  After  the  jel  was  cured  all  devices  were  again 
tested  and  inspected  prior  to  capping.  These  devices  were 
numbered  61-100. 

Test  Program 

Devices  were  again  tested  both  at  room  temperature  and 

at  55°C.  Data  was  recorded  to  serve  as  a  base  line  for  all 

tests.  Beam  patterns  were  also  checked  to  insure  there  were  no 

changes  due  to  the  cap  windows  or  passivation  materials.  No  changes 

were  noted  and  work  continued  according  to  the  test  program. 

All  diodes  were  placed  in  an  oven  at  150°C  +  5°  for  48  hours. 

Devices  were  removed  and  allowed  to  cool.  Data  was  taken  and 

recorded.  No  change  in  output  power  was  noted  when  devices  were 

each  driven  at  I  both  at  room  temperature  and  55 °C. 
m 

Devices  were  sent  to  AEL  for  temperature  cycle  testing. 

(Testing  report  attached.)  Returned  diodes  were  again  driven 

at  I  at  both  room  temperatures  and  55°C,  P  data  was  recorded 
m  o 

and  again  no  changes  in  power  were  seen.  Devices  were  again 


optically  inspected  to  insure  pellet  integrity.  There  was  no 

evidence  of  any  damage.  Beam  patterns  were  again  checked  at 

this  point  and  no  abnormalities  were  noted. 

Devices  were  then  placed  on  burn-in.  Each  position  was 

numbered.  Currents  were  set  at  I  »  room  temperature,  for  each 

m 

diode  and  pulse  width  and  rep  rate  were  checked.  Diodes  were 

put  into  their  numbered  position  and  burned-in  for  17  hours. 

At  the  completion  of  17  hours  the  rack  was  turned  off  and  the 

diodes  removed.  Data  was  again  recorded  for  both  room  temperature 

and  55°C.  Devices  were  optically  inspected  and  beam  profiles 

checked.  Some  changes  in  Pq  were  noted.  The  control  lot 

exhibited  greater  change  than  any  of  the  lots  with  coated  facets. 

coated  facets  show  most  stability.  No  evidence  of  facet 

errosion  is  noted  and  profiles  seem  unchanged. 

All  lasers  were  returned  to  the  burn-in  rack  and  operated 

for  100  hours  at  I  .  At  the  end  of  one  hundred  hours  the  devices 

m 

were  removed  and  retested.  Data  was  recorded  and  AP  was 

o 

calculated  at  both  room  temperatures  and  55°C. 

Both  the  control  lot  and  the  lot  with  the  index  matching 

jel  showed  a  large  degree  of  change.  The  lot  with  the  jel 

showed  an  even  higher  insidence  of  failure  then  the  control  lot. 

Failure  being  defined  as  a  A>20%. 

Optical  inspection  did  not  reveal  any  facet  errosion  and 

beam  patterns  were  still  good  for  all  devices.  There  were  some  areas 

of  no  light  on  the  devices  with  A’s  >20%. 

Most  of  the  devices  passivated  with  A^O^  showed  no  change 

in  p  .  Those  that  showed  some  degree  of  change  all  had 
o 

A's  less  than  10%.  They  showed  no  evidence  of  facet  errosion 


or  beam  distortion.  Junctions  showed  no  evidence  of  unlit  areas. 

In  all  instances  where  there  was  some  change  in  power  during 
life  test  the  A  was  almost  the  same  for  both  room  temperature 
and  55  °C . 

All  devices  were  now  tested  at  the  lower  rep  rate  and  wider 

pulse  width  of  Table  2.  Data  was  recorded  and  a  new  I  deter- 

m 

mined.  Three  of  the  control  lot  devices  could  not  be  returned 
to  the  minimum  Pq  without  exceeding  the  I  max.  These  devices 
were  driven  at  I  max  and  data  recorded  under  these  conditions. 

Lasers  were  again  subjected  to  optical  inspection  and  no  facet 
errosion  was  noted. 

Burn-in  racks  were  reset  for  the  new  I  and  the  pulse  width 

m 

and  rep  rate  adjusted  according  to  Table  2.  Lasers  were  put 

into  their  numbered  positions  and  burned  in  for  17  hours.  At 

the  end  of  17  hours  the  racks  were  turned  off  and  the  devices 

removed.  All  devices  were  tested  and  data  recorded.  No  changes 

were  noted  in  P  indicating  the  devices  had  already  been  stabilized 
o 

by  the  prior  operations.  No  facet  errosion  was  noted  and  there 
was  no  change  in  beam  profile. 

Devices  were  returned  to  the  burn-in  rack  and  life  tested 
for  100  hours.  Lasers  were  removed  from  the  rack  and  retested. 

Again,  both  uncoated  and  jelled  lasers  showed  the  greatest  changes. 
Lasers  with  A^O^  coatings  were  almost  all  unchanged.  Deltas  for 
the  few  A^O^  coated  lasers  which  had  changed  were  all  less 
than  10%.  The  few  lasers  in  the  control  lot  which  showed  no 
change  during  the  first  series  of  tests  also  showed  no  change 
during  the  second  test  series.  Some  slight  evidence  of  facet  errosion 


was  detected  in  both  the  control  lot  and  the  lot  with  the  index 
matching  jel.  Beam  patterns  were  still  good  for  all  lots. 

It  will  be  noted  that  some  lasers  did  not  complete  all  the 
tests.  These  lasers  were  accidently  destroyed  by  handling 
during  testing  and  not  as  a  result  of  the  tests.  A  total  of  18 
lasers  from  both  the  control  lot  and  lot  with  index  matching 
jel  could  not  be  brought  to  300  mw  at  I  max.  At  the  end  of  all 
tests  these  showed  the  greatest  amount  of  facet  errosion  or  non 
lasing  areas  along  the  facet.  All  the  A^O^  coatec^  lasers  were 
well  within  specifications  at  the  end  of  all  tests. 

Conclusions 

It  has  been  shown  that  lasers  passivated  with  A^O^  show 
a  far  greater  stability  to  long  term  degradation  and  facet  errosion 
then  lasers  left  uncoated  or  lasers  using  only  an  index  matching 
jel  on  the  facet.  As  a  result  of  these  tests,  twenty  five  lasers 
were  fabricated  using  pellets  from  the  wafer  selected  for  the 
above  tests.  The  lasers  were  built  according  to  Figure  1.  The 
lasers  were  subjected  to  all  of  the  test  conditions  in  Table  2 
and  met  all  the  requirements  of  Table  1  before  and  after  testing. 
The  devices  were  delivered  to  the  Night  Vision  Labs.  A  copy  of 
the  data  is  attached,  along  with  a  copy  of  the  test  report  from 
AEL. 

All  delivered  devices  performed  as  the  A^O^  coated  lasers 


in  the  test  program. 


TABLE  I 


Fiber:  0.0035  +  0.0005  inch  core  0*375  +  10  inch  long  glass 

on  glass 

Lasers:  P  >300  mw  @  F2 . 5 

o 


Pulse  width  @  50% 

points  >  65  nsec 

Rep  Rate  =  10KHZ 

Temp. 

*max 

Po  (Mir 

25  +  2°C 

7A 

300  mw 

55  +  4  °C 

10A 

300  mw 

A  850  "Jo  nm  @  25°C 

Burn-in  17  hours  @  1^,  25°C,  65  nsec,  10  KHZ 
Lifetime  >  100  hours  A  <20% 

High  Temperature  Storage:  48  hours  @  150 °C 

Temperature  Cycling:  MIL-STD-202,  Method  102,  Condition  B 


100°C 


TABLE  2 


TEST  PROGRAM 

1.  Characterize  Lasers  @  25°C,  55 °C  record  I  ,  P  observe 

m  o 

Beam  Profile 

2.  High  Temperature  Storage  and  Thermal  Cycling  as  per  Table  1 

3.  Characterize  as  in  1 

4.  Burn-in  as  in  Table  1 

5.  Characterize  as  in  1 

6.  Life  Test  for  100  hours  as  per  Table  1 

7.  Characterize  as  in  1 

8.  Characterize  lasers  as  in  1  but  pulse  width  75  ns, 
rep  rate  =  5  KHZ 

9.  Burn-in  for  17  hours  as  per  8 

10.  Characterize  as  per  8 

11.  Life  Test  100  hours  as  per  8 

12.  Characterize  as  per  8 
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American  Electronic  Laboratorie/,  Inc. 

A  Subsidiary  of  AEL  Industries,  Inc 

PO  So«  SSZ  (.•nidllt  PA  19446  •  Talaphom  215-6222929#  TWX  5  1 0-66 1  4976  •  C«t>l«  AME  HI  AB 


;?r  Diode  l.ibs.  Inc. 

>0  Somerset  Street 
v  Rrunswicl  ,  Vd  f’S'Hti 


March  3,  10So 


tention:  Mr.  Steve  Lerner 


Test  he  port  No.  S(1-4  77i'T 


■ference:  Laser  P.o.  No .  9(>S(> 

API.  (Control  No.  SO- 373-04 2'< 


'ear  Mr.  Lerner: 

This  letter  certifies  the  completion  of  the  testing  identified  as  one  (1) 
Lot  nf  (100)  One-Hundred,  TO- 18  Laser  l'>iodes.  Tne  test  performed  was: 

TFMPHb,\Tnr>r  CYCLINC :  MIl-STn-202,  Method  102,  Condition  I'.. 


RESULTS:  All  of  the  Laser  I'iodes  passed  the 
above  test .  Hie  re  was  no  evidence  of  physical 
damage  as  a  result  of  the  test. 

Copies  of  the  test  lop,  is  attached  to  and  form  a  part  of  this  report. 

This  test  was  performed  by  the  Product  Testing  Laboratory  of  American 
Electronic  laboratories,  Inc.,  Richardson  Load,  M0ntd0n>eryville,  PA  ltsb3<>. 
All  I'iodes  were  returned  to  Laser  Piode  Labs.,  Inc.,  after  completion  of 
testing  on  3  February  I0$o. 


Very  truly  yours , 

■vp-icw  rt.rrTPPMic  i.mioratmi'ii'^,  inc. 

v 

Paul  T.  Riley,  P.L. 
director,  Product  Testing 
and  Service  Division 

P.IP/ln 
Enel . 


AF.L  -s  certified  under  1)1. V  X2<)n.2  page  4-7,  Paragraph  -I-302F  to  perform 
the  test  reported  herein  without  the  direct  f'-cvernment  OAR  surveillance. 
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April  22,  1980 

i .  - 

laser  Diode  Labs.  Inc.  M.-..  ■?:<  \m 

1130  Somerset  Street 
New  Brunswick,  NJ  08901 

Attention:  Mr.  Steve  Lerner  Test  Report  No.  81-52PT 

Reference:  Laser  P.0.  No.  1017 

AEL  Control  No.  81-036-1132 


Dear  Mr.  Lerner: 

This  letter  certifies  the  performance  of  the  testing  identified  as  one  (1) 
Lot  of  (30)  thirty,  TO-  5  Laser  Diodes.  The  test  performed  was: 

TEMPERATURE  CYCLING:  MIL-STD-202E ,  Method  102A,  Condition  B:  Except 

maximum  temperature  was  100 °C. 

RESULTS:  All  of  the  laser  Diodes  passed  the  above 
test.  There  was  no  evidence  of  physical  damage  as 
a  result  of  the  test. 

Copies  of  the  test  log  are  attached  to  and  form  a  part  of  this  report. 

This  test  was  performed  by  the  Product  Testing  laboratory  of  American 
Electronic  Laboratories,  Inc.,  Richardson  Road,  Montgomeryville ,  PA  18936. 
All  Diodes  were  returned  to  Laser  Diode  Labs.,  Inc.,  after  completion  of 
testing  on  21  March  1980. 


Very  truly  yours, 


AMERICAN  ELECTRONIC  LABORATORIES ,  INC. 


John  V.  Hathaway,  Operations  Engineer 
Product  Testing  Laboratory 


JVH/lm 
Enel . 
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The  above  equipment  has  been  calibrated  by  standards 
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are  traceable  to  the  NATIONAL  BUREAU  OF  STANDARDS. 
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